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A. Personal Statement

My research explores the molecular machinery that contributes to the information-processing capabilities of the
nervous system, with a focus on the regulation and function of synaptic transmission. | use an interdisciplinary
approach to address research questions, drawing upon my training and experience in biochemistry, molecular
biology, cell biology, electrophysiology, biophysics and genetics. | have decades-long experience in the
teaching, training and mentoring of students and postdoctoral fellows. We have focused on the molecular
machinery that contributes to the establishment and function of synapses in the model organism C. elegans. In
studies of glutamatergic synapses, we have identified evolutionarily conserved auxiliary proteins that contribute
to the function of AMPA-type ionotropic glutamate receptors (AMPARS), leading to a new concept of an
AMPAR signaling complex. We also study the trafficking and transport of AMPARSs, and have found that
kinesin-1 microtubule-dependent motors and a Ca?*- and calmodulin-dependent kinase (CaMKIl) have
fundamental roles in the delivery, removal and redistribution of synaptic AMPARSs. Additionally, we study the
properties of NMDA and kainate receptors and their contribution to synaptic function and the control of
behavior. We are now fascinated by the question of how synaptic transmission changes with aging and the
synaptopathies might be common to many neurodegenerative disorders. We find that synaptic function and
transport of synaptic AMPAR decreases with aging as well as in transgenic models of Alzheimer’s disease. In
summary, our research is driven by two major goals: first, to obtain a mechanistic, soup-to-nuts understanding
of how synapses are built, how synapses contribute to information processing by neural circuits, and ultimately
how synapses and neural circuits give rise to complex behaviors, including learning and memory; second, to
obtain a molecular-based understanding of how synaptic function changes during aging and in
neurodegenerative disorders.
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The major focus of our research efforts is to obtain a mechanistic understanding of how neural circuits process
and store information, thus controlling behavior. Towards this goal, we are developing new strategies and
techniques to simultaneously measure behavior (learning), synapse composition, and neuronal activity in a live
animal. Neural circuits in simple organisms are more tractable to these studies but, because of evolutionary
conservation, the lessons learned will be of immediate relevance to the more complex vertebrate nervous
systems. Therefore, we have based our research program on identified circuits in the relatively simple nervous
system of the nematode C. elegans. Currently, we are focused on four major, interrelated questions about
synaptic development, synaptic function and the properties of neural circuits.

C1. Identification and characterization of auxiliary proteins that contribute to synaptic function.



Although nervous systems vary widely in size and number of neurons, synapses themselves are evolutionarily
conserved and remarkably similar in all nervous systems. At most synapses, ionotropic glutamate receptors
(iGluRs) mediate excitatory synaptic transmission. Remarkably, the strength of this synaptic transmission can
change quickly with experience. This synaptic plasticity is believed to underlie one’s ability to learn and
remember. Important determinants of synaptic plasticity are the number and functional properties of synaptic
AMPA-type iGIuRs (AMPARs). My laboratory has developed new genetic strategies to uncover the molecular
machinery required for synaptic transmission. In a series of studies in the nematode C. elegans, we have
identified three new classes of auxiliary subunits that contribute to AMPAR function, shown that they have
dramatic effects on in vivo glutamate-gated currents, and demonstrated that mutations in these genes
predictably modify specific behaviors. These discoveries have had a profound impact on the field because they
first revealed that iGIuRs are not simple stand-alone channels, but rather are part of a complicated signaling
machine that is required for synaptic transmission and the plasticity of the nervous system. We are now
exploring the function and organization of this signaling complex, as well as searching for auxiliary proteins that
might modify NMDA and kainate classes of iGluRs.
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C2. The delivery, removal and redistribution of synaptic AMPA receptors.

Using an in vivo approach in C. elegans, we recently demonstrated the central importance of UNC-116, the
homolog of vertebrate kinesin-1 heavy chain (KIF5), for the delivery, and surprisingly, the removal and
redistribution of synaptic AMPARs. We show that UNC-116/KIF5 motors provide a rapid-response mechanism
for the precise regulation of the number of AMPARSs at synapses — a major determinant of synaptic strength.
We also found that synaptic transmission can modulate the transport of AMPARSs and thus control the number
of receptors at synapses and the strength of synaptic transmission. Additionally, we discovered that voltage-
gated calcium channels and the Ca*/calmodulin-dependent kinase CaMKI| regulate the delivery and removal
of synaptic AMPARSs, and participate in synaptic plasticity by regulating the transport of AMPARSs. These
results should have a profound impact on our understanding of synaptic development and maintenance of
synaptic strength, and may have important clinical implications. For instance, disorders such as Alzheimer’s
disease are distinguished by early defects in synaptic function as well as altered microtubule-dependent
transport.

Key publications

Hoerndli, F., R. Wang, J. Mellem, A. Kallarackal, P. Brockie, C. Thacker, D. Madsen and A.V. Maricq (2015)
Neuronal activity and CaMKII regulate kinesin-mediated transport of synaptic AMPARs. Neuron 86:457-74.
(PMCID: PMC4409548)

Brockie, P.J., M. Jensen, J.E. Mellem, E. Jensen, T. Yamasaki, R. Wang, D. Maxfield, C. Thacker, F. Hoerndli,
P.J. Dunn, S. Tomita, D.M. Madsen and A.V. Maricq (2013) Cornichons control ER export of AMPA
receptors to regulate synaptic excitability. Neuron 80:129-42. (PMCID: PMC3795439)

Hoerndli, F.J., D.A. Maxfield, P.J. Brockie, J.E. Mellem, E. Jensen, R. Wang, D.M. Madsen and A.V. Maricq
(2013) Kinesin-1 regulates synaptic strength by mediating the delivery, removal and redistribution of AMPA
receptors. Neuron 80:1421-37. (PMCID: PMC24360545) [Accompanying Neuron Preview: Rongo, C.
(2013) Going mobile: AMPA receptors move synapse to synapse in vivo, 80: 1339-41.]

Video abstract http://www.sciencedirect.com/science/article/pii/S0896627313010027
Mellem, J.E., P.J. Brockie, Y. Zheng, D.M. Madsen and A.V. Maricq (2002) Decoding of polymodal sensory




stimuli by postsynaptic glutamate receptors in C. elegans. Neuron 36:933-44.

C3. Translocation of synaptic receptors.

We also study how synaptic receptors are delivered from subsynaptic stores to the surface of the synapse. In
studies of nicotinic receptors, a class of postsynaptic receptors activated by the neurotransmitter acetylcholine,
we demonstrated that nicotinic receptors are shuttled between intracellular pools and the synaptic surface. In
the process, we discovered an entirely unanticipated and novel signaling pathway that regulates the
translocation of these receptors. Thus, we found that Wnt molecules, evolutionarily conserved secreted
glycoproteins that are best known for their roles in early development, also have an ongoing role in the adult
nervous system to control translocation of the ACR-16/a.7 nicotinic receptors and change the strength of
synaptic transmission. We discovered that presynaptic neurons release Wnts, which bind to a novel
heteromeric postsynaptic receptor that consists of CAM-1, a Ror-family receptor tyrosine kinase (RTK) and
LIN-17, a Frizzled receptor. This complex signals through the intracellular intermediate DSH-1 to dynamically
regulate ACR-16/a7 translocation and synaptic plasticity. These experiments have shed new light on
evolutionarily conserved pathways for the control of receptor translocation and synaptic plasticity, and could
lead to new insights into the processes of learning and memory, as well as disorders of nervous system
function. Our current efforts are directed towards further elucidating the Wnt-signaling pathway that mediates
translocation of synaptic receptors.
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C4. The control of behavior.

We have an ongoing interest in understanding the molecular basis of well-defined, quantifiable behaviors.
Early efforts were directed at the control of rhythmic behaviors in C. elegans. More recently, we have initiated
mechanistic studies of a neural circuit that contributes to navigation along gradients of sensory information.
Animals find sparsely distributed resources by navigating along gradients of sensory cues. For example,
animals can associate temperature or chemical cues with favorable environmental resources and move
towards those cues. The simple neuronal circuits in C. elegans have facilitated the identification of circuits that
contribute to distinct behaviors. We found that navigation along thermal or chemical gradients depends on a
neural circuit centered on the pair of RIA interneurons, which receive glutamatergic synaptic inputs from
sensory neurons and interneurons that mediate chemosensation and thermosensation. Both AMPA and
kainate classes of ionotropic glutamate receptors are expressed in RIA, and we found that postsynaptic AMPA
and kainate receptors differentially mediate error correction when C. elegans navigates sensory gradients. Our
current efforts are directed towards molecular-based studies of receptor localization and function, and cellular-
based studies of information processing by the RIA circuit.
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D. Research Support

Ongoing Research Support

RO1 NS094421 (Maricq PI) 9/1/2015 — 8/31/2020

NIH/NINDS

Glutamate-mediated neurotransmission and the control of behavior

The major goal of this project is to elucidate the function of an experimentally accessible neural circuit in a
genetically tractable model organism.

Role: PI

R01 NS035812 (Maricq PI) 1996 — 7/31/19

NIH/NINDS

Analysis of Glutamate Receptor Function

The major goal of this project is a genetic and electrophysiological analysis of glutamate receptors and
interacting proteins.

Role: PI

Completed Research Support

R0O1 NS070280 (Maricq PI) 4/1/2010 — 3/31/2015

NIH/NINDS

Development and regulation of cholinergic synapses

The major goal of this project was to gain a mechanistic understanding of synaptic transmission, with a
focus on the establishment and regulation of acetylcholine receptors.

Role: PI

DP1 DA0350580 (Maricq PI) 9/30/2010 — 8/31/2016

NIH Director’s Pioneer Award

Simultaneous in vivo studies of synapses, neurons, and learning and memory

The major goal of this project is the development of new techniques to measure changes that occur during
learning to better understand molecular mechanisms that contribute to learning and memory.
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